Objective-C-reactive protein (CRP), an obesity-related inflammatory marker, is a promising predictor for cardiovascular disease and may be a mediator for atherogenesis. It has been reported that diet-induced weight loss lowered CRP levels. However, the effect of exercise training, another therapy that can reduce weight, on CRP is still unclear. We examined effects of exercise training with weight loss on CRP levels and conventional cardiovascular risks. Methods and Results-A total of 227 apparently healthy women were recruited, and 199 subjects (average age 52 years) completed a 2-month weight reduction program consisting of supervised aerobic exercises. After the program, weight was reduced from 65.8 to 62.8 kg (PϽ0.0001), and all conventional variables were remarkably improved. Similarly, CRP levels were significantly decreased, from 0.63 (0.28 to 1.19) to 0.41 (0.18 to 0.80) mg/L (PϽ0.0001). However, in contrast to other variables, the changes in CRP levels were not proportionally associated with the extent of weight reduction. In the quartile analysis of % weight reduction, the largest weight reduction quartile did not show significant decreases in CRP levels, whereas moderate quartile showed remarkable CRP decreases. Conclusions-Exercise training with weight reduction disproportionately lowered CRP levels. Considering inflammatory status, there might be an optimal pace of exercise with weight loss.
I n recent years, studies have provided evidence that inflammation plays a central role in atherogenesis, 1,2 and C-reactive protein (CRP) has been found to constitute a strong and very promising inflammatory marker for cardiovascular disease. 3, 4 Moreover, it has been suggested that CRP directly and indirectly mediates inflammatory processes in atherosclerosis. [5] [6] [7] [8] [9] Thus, interventions to reduce CRP could contribute to the prevention of atherosclerosis and the reduction of future cardiovascular events.
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Several studies have shown that elevated CRP levels are closely related to obesity. 10 -13 It has been proposed that adipose tissue-secreted interleukin (IL)-6 may contribute to the elevated CRP levels observed in obesity. 14, 15 Two previous studies demonstrated that CRP levels were reduced in correspondence with diet-induced weight loss in a small sample of obese women. 16, 17 Exercise training is another therapy that can reduce weight and has protective effects against atherosclerosis, and it is more ideal in a clinical situation without muscle wasting compared with calorie restriction alone. However, the effect of regular exercise training on CRP levels is still unclear. Past cross-sectional studies have reported the significant relation between physical activity and CRP levels. 18, 19 In contrast, a recent study reported no significant relation between them. 20 The purpose of this study was to determine the effects of exercise training with weight reduction on obesity-related inflammatory markers and conventional cardiovascular risk factors.
Methods

Study Population
A total of 227 apparently healthy Japanese women were recruited by public advertisement, and 199 of them completed a 2-month weight reduction program. Some subjects could not continue the program because of exercise-induced orthopedic problems. All subjects did not have any infectious diseases (including the common cold and hepatitis), known coronary disease, peripheral vascular disease or stroke, or any orthopedic limitations for exercise training. Current and past smokers were excluded. Of 129 subjects who were postmenopausal, none were receiving hormone replacement therapy. All subjects gave their informed consent to participate in this study, which was approved by the hospital's review board.
Weight Reduction Protocol
We used a 2-month weight reduction program, which consisted of supervised aerobic exercises. Subjects were assigned to a supervisor and given an exercise program 2 days a week. All subjects participated in an aerobic dance workout for 80 minutes, then did additional bicycle or treadmill exercises for 30 to 60 minutes at which they were instructed to maintain a continuous 60% to 80% of the peak heart rate according to an initial exercise test. In addition to supervised exercise training, subjects were recommended to perform home-based exercise Ն1 days a week. Only at the baseline examination did dieticians make simple nutritional education suitable for exercise training to the subjects.
Clinical and Anthropometric Measurements
At baseline and after the weight reduction program, subjects came to our institution to provide data on blood, physical measurements, muscle strength, and exercise tolerance. Exercise tolerance was estimated by electromechanical bicycle ergometer with an incremental protocol (25 W/2 minutes) and expressed as calculated peak oxygen uptake. Thigh strength was measured by an Anaeropress 3500 (Combi). Measurements of waist (narrowest circumference viewed from the front) and hip (largest horizontal circumference around the buttocks) were recorded. Abdominal wall fat (maximal thickness of preperitoneal fat at the anterior surface of the liver) and thigh muscle thickness at the anterior middle portion between the knee and the anterior crest of the ilium were evaluated with ultrasound tomography. Resting heart rate and blood pressure were measured. ECG and chest x-ray film were also examined.
Laboratory Measurements
Fasting venous blood samples were collected at the same time in the morning, after subjects had abstained from all food and drink, except water, for at least 12 hours, and from vigorous activity also for at least 12 hours. Fasting total cholesterol, high-density lipoprotein (HDL) cholesterol, low-density lipoprotein (LDL) cholesterol, and triglycerides, glycohemoglobin A1c (HbA1c), insulin, and glucose levels were measured. In addition, white blood cell count (WBC), uric acid, and liver function profiles such as aspartate aminotransferase (AST), alanine aminotransferase (ALT), and ␥-glutamyl transpeptidase (␥-GTP) were also measured. Insulin sensitivity was calculated by using the homeostasis assessment model (HOMA-R), a mathematical estimate of insulin sensitivity based on fasting glucose and insulin concentrations. 21 Serum high-sensitivity CRP and amyloid A protein (SAA) levels were measured by a latexenhanced immunonephelometric assay.
Statistical Analysis
Statistical analysis was performed using Statview 5.0 (SAS Institute). The 2-sided t test for paired samples was used to determine the significance of differences between several measurements before and after the weight reduction program. The significance of any differences in medians for paired data were evaluated with a nonparametric Wilcoxon signed rank sum test. Spearman rank correlation coefficients were used to quantify the correlations. In the quartile analysis, effects of exercise training on variables within each quartile group were evaluated in the manner described above for paired data. Data are presented as mean (SD) or as median (interquartile range) for skewed variables. Significance levels are shown for all comparisons and relationships where PϽ0.05.
Results
The baseline physical and metabolic characteristics of the subjects are described in Table 1 . Body mass index (BMI) ranged from 20.4 to 39.0 kg/m 2 ; 186 subjects (82%) had a BMI Ͼ25 kg/m 2 . The CRP levels were lower than those found in other studies of healthy women, although there were differences in BMI and dyslipidemic profiles among the studies. 10, 16, 17 Univariate analysis by Spearman rank correlation coefficients between CRP levels and variables are shown in Table 2 . The CRP levels were positively associated with obesity measures. On the other hand, CRP levels were inversely correlated with thigh strength and exercise tolerance. Similarly, all laboratory variables were significantly correlated with CRP levels. According to the univariate analysis, BMI, minimum waist girth, diastolic blood pressure, total/HDL cholesterol ratio, HDL cholesterol, triglycerides, HOMA-R, fasting glucose, uric acid, and ALT were selected for a stepwise regression with a forced entry of age. WBC and SAA were considered not appropriate for the model because they appear to be partially coregulated with CRP through inflammatory mediators. In this multivariate analysis, BMI, total/HDL cholesterol ratio, ALT, and diastolic blood pressure were found to be independent factors relating to CRP levels.
Physical and metabolic characteristics at baseline and after a 2-month weight reduction program are shown in Table 3 . Effects of exercise training were similarly obtained in premenopausal and postmenopausal women. Body weight was substantially reduced by 3.0 (1.9) kg, representing 4.6 (2.9)% Variables are presented as mean (SD), or as median (interquartile range) for skewed variables. LDL denotes low-density lipoprotein; HDL, high-density lipoprotein; AST, aspartate aminotransferase; ALT, alanine aminotransferase; ␥-GTP, ␥-glutamyl transpeptidase.
of initial weight in total subjects. Other obesity measures were also significantly reduced. On the other hand, thigh muscle thickness was unchanged. These findings indicated that only body fat, but not muscle mass, was reduced by this weight reduction program. Fitness status variables were improved, and all of the laboratory variables except HDL cholesterol were improved after the program. The absence of any improvement in HDL cholesterol after the program could be because of altered lipase activity during active phase of weight loss. 22 Although HDL cholesterol was reduced, total/HDL cholesterol ratio was significantly improved. Similarly, significant reduction in CRP, SAA, and WBC levels was also observed after the program. Although CRP (PϽ0.05) and SAA (PϽ0.01) levels at baseline were significantly higher in postmenopausal women than in premenopausal women, effects of exercise training on obesity measures, fitness status, traditional risks, and inflammatory markers were similar between premenopausal and postmenopausal women.
The correlations between the extent of weight reduction and waist reduction (% to initial value) and variables are shown in Table 4 . Waist reduction was not related to most of the changes in studied variables except waist-hip ratio and WBC. Although waist girth potentially relates to visceral fat, its change may be affected not only by reduction in visceral fat but also by abdominal muscle fitness and an accidental error in measurement. On the other hand, weight reduction was significantly associated with improvements in obesity measures, fitness status, blood pressure, lipid profiles, FBS, insulin, and HOMA-R. However, changes in CRP, SAA, and uric acid were not significantly correlated with the extent of weight reduction. Additionally, no significant correlation between changes in CRP and body weight was seen in premenopausal women (nϭ91, rϭ0.19, Pϭ0.06) or especially in postmenopausal women (nϭ108, rϭϪ0.07, Pϭ0.47).
To further examine the relationship between the extent of weight reduction and the changes in variables, data were observed according to weight reduction quartiles (Figure) . Subjects were divided on the basis of % weight reduction to initial weight. Mean weight reduction in the various groups was as follows: group A, Ϫ0.8 (0.8) kg, Ϫ1.1 (1.2) %; B, Ϫ2.3 (0.4) kg, Ϫ3.5 (0.5) %; C, Ϫ3.5 (0.6) kg, Ϫ5.4 (0.7) %; and D, Ϫ5.4 (1.1) kg, Ϫ8.4 (1.6) %. No significant differences in baseline characteristics were observed among quartile groups. Greater weight reduction corresponded to greater reduction in diastolic pressure, triglycerides, and fasting insulin. Other traditional risks showed a similar trend inconsistent with the results in Table 4 ; however, the pattern of CRP differed from that of those variables. The largest weight reduction group (D) did not show a proportional decrease in CRP levels corresponding to weight reduction. The SAA levels showed a similar trend. Interestingly, the serum uric acid levels were rather increased in group D, although this increase did not reach statistical significance (Pϭ0.14).
The correlations between changes in CRP levels and other variables are shown in Table 5 . Only changes in serum uric acid, AST, ALT, ␥-GTP, and SAA were significantly correlated with CRP changes by Spearman rank correlation. A multiple regression analysis was performed to evaluate the relation of the changes in all studied variables to CRP levels. Changes in SAA and WBC were independently related to changes in CRP (R 2 ϭ0.23, PϽ0.0001, Pϭ0.02, for SAA, WBC, respectively).
Discussion
After the exercise training program, body weight was significantly reduced and the CRP levels were also significantly lowered. It has been demonstrated that obesity is related to CRP levels, and that adipose tissue is likely a factor modulating CRP levels. 14, 15 We also found strong correlations between BMI, waist girth, and the CRP levels. Therefore, our result is reasonable. However, inconsistent with findings for other conventional risk factors, decreases in CRP levels were not proportionally associated with the extent of weight reduction (Table 4 ). In the quartile analysis in group D (the largest weight reduction quartile), variables that must be Values are shown as Spearman rank correlation coefficients. LDL denotes low-density lipoprotein; HDL, high-density lipoprotein; AST, aspartate aminotransferase; ALT, alanine aminotransferase; ␥-GTP, ␥-glutamyl transpeptidase.
important contributors for CRP, 10 -17 especially triglycerides and insulin resistance, were drastically improved; nevertheless, CRP levels were not significantly improved (Figure) . The high pace of weight reduction did not necessarily reduce CRP levels. There might be some strong adverse effects that cancelled improvement in CRP levels during high paced weight reduction with exercise. For instance, it has been reported that strenuous exercise can lead to muscle damage and thereby increase inflammation. 23 In addition, important adverse effects of exercise training related to overtraining associated with oxidative stress and free-radical formation have been indicated and might act as an inflammatory stimulus. 24, 25 Likewise, some studies reported that acute strenuous exercise could raise CRP levels. 26, 27 Although we did not evaluate the relation between the extent of weight loss and the intensity of exercise training, the inflammatory stimuli derived from a strenuous exercise might be responsible for the results. The rather increased levels of serum uric acid in group D might possibly be caused by vigorous exercise training. 28 Alternatively, exercise training with an inappropriately low calorie diet could induce a catabolic metabolism and also mediate an overproduction of uric acid, leading to an inflammatory status. 29 These findings suggest that there might be an optimal pace of exercise training with weight loss.
Previously, a few studies examined the effects of dietinduced weight reduction on CRP levels. Bastard et al 14 reported that IL-6, but not CRP, was reduced by weight loss after a very low-calorie diet had been imposed for 3 weeks in 8 lean and 21 obese women, although a trend toward reduced CRP was noted. On the other hand, Heilbronn et al 16 found that CRP was significantly decreased by 26% in 83 obese women after weight loss on very low-fat diets for 3 months. Tchernof et al 17 also reported that weight loss with lowcalorie diets for long periods (average, 13.9 months) reduced CRP levels in 26 obese postmenopausal women. In the present study, we used a weight reduction program using 
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exercise training with a simple nutritional education, a program that could also reduce CRP levels. This program is an appropriate and reasonable method for weight reduction in a clinical situation and sustains muscle mass and physical ability. Concerning exercise training, Smith et al 30 reported that a long-term (6 months) exercise tended to reduce CRP levels in 34 persons at risk of developing ischemic heart disease, but this reduction did not reach statistical significance (Pϭ0.12). Although there were differences in the subject's characteristics, the training program, and the length of the training period, it seemed that the small number of subjects in their study might be a major reason for different statistical results between their study and ours. Besides, there might possibly have been some adverse effects of exercise on CRP in their study setting. There could be several mechanisms whereby exercise training or weight reduction decrease CRP levels. It has been proposed that adipose tissue-secreted IL-6 and tumor necrosis factor-␣ may contribute to the elevated CRP levels observed in obesity. 14, 15 Thus, exercise training may reduce CRP levels adequately by reducing adiposity. In addition, increased antioxidant capacity 31 and improved endothelial function 32 by exercise training are potential mechanisms for decreased CRP levels. Improvements in other atherogenic risks as well as weight reduction by exercise training may also be responsible for decreased CRP levels.
In the cross-sectional analysis, in addition to measures of obesity, fasting glucose, insulin, HOMA-R, HbA1c, lipid profiles, and fitness status (exercise tolerance and muscle strength) were significantly related to CRP levels. Those variables were significantly improved after the program. Although no significant correlation was observed between changes in CRP and those variables, improvements in those factors likely affected the CRP levels. On the other hand, changes in serum uric acid and other inflammatory variables were significantly correlated with CRP changes. WBC and SAA might be partly coregulated with CRP through inflammatory mediators. Serum uric acid has also been suggested to be an inflammatory mediator in atherosclerotic plaque. 33 Other important findings of our study were that liver function profiles AST, ALT, and ␥-GTP were cross-sectionally and dynamically related to CRP levels. In healthy subjects, the levels of AST, ALT, and ␥-GTP might be related to liver fatness. Fatty liver associated with obesity may be the major cause of the relationship between them. Acute phase proteins are produced by the liver through stimulation by inflammatory cytokines, which could be excreted from adipose tissue. 14, 15 It appears that adipose tissue in the liver could stimulate the liver very effectively to produce CRP and SAA.
We observed the subjects for 2 months in the present study. Further study is needed to examine long-term outcomes, and CRP must be measured during maintenance period of target weight.
We conventionally measured the waist girth at the narrowest circumference. It may be difficult to evaluate a precise change in visceral obesity after weight loss with this technique. The precise measurement of a change in visceral obesity could help stimulate further investigation into the factors affecting the changes in CRP levels.
Conclusion
In the present study, we investigated the effect of exercise training with weight reduction on CRP levels in apparently healthy Japanese women. After the training program, all conventional variables of cardiovascular risk were improved, and CRP levels were also significantly lowered. However, in contrast to conventional variables, the changes in CRP were not proportionally associated with the extent of weight reduction. Intensive weight reduction did not necessarily reduce CRP levels but rather raised uric acid levels. Considering inflammatory status, there might be an optimal pace of exercise training and weight reduction.
